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The cosmic-noise method of measuring absolute ionospheric absorption requires a 
reliable knowledge of the intensity of the cosmic radio noise which would be observed in 
the complete absence of the ionosphere. At frequencies above 15 Mc/s this extraterrestrial 
intensity has hitherto been estimated by a method which assumes that during ionospherically 
quiet, nighttime periods, the absorption becomes negligible. However, this "quiet-day" 
method leads to important uncertainties in the value of the extraterrestrial cosmic radio 
noise intensity when it is used at frequencies below about 15 Mc/s. 

This paper describes a technique, based on simultaneous measurements of the ordinary 
and extraordinary wave intensities, for obtaining the free-space intensity of the cosmic 
radio noise at frequencies as low as 5 Mc/s. An experimental program is described which 
has verified the usefulness of the method and shown some of its limitations. The method 
is of value to studies of the spectrum of HF cosmic radio noise, and to the derivation of 
electron density profiles in the lower Z)-region using multifrequency absorption data. 



1. Introduction 

The measurement of ionospheric absorption utiliz- 
ing observations of the intensity of cosmic radio noise 
incident on a ground-based antenna, was first used 
by Shain [1951]. The method has since been widely 
used at high latitudes [Little and Leinbach, 1958; 
Reid and Collins, 1959; Reid and Leinbach, 1959; 
Hultqvist, 1959; Stoffregen et al., 1960] as well as 
at lower latitudes (for example, see Steiger and 
Warwick [1961]). The antennas used for such ob- 
servations have generally been combinations of 
dipoles arranged to receive linear polarization. In 
order to determine the net amount of absorption 
suffered by the radio energy in passing through the 
ionosphere, it is first necessary to estimate the inten- 
sity of the cosmic radio noise which would be observed 
if the ionosphere were absent. For a fixed receiving 
system, the latter intensity may be assumed to repeat 
exactly with a period of one sidereal day. The usual 
procedure for obtaining this sidereal variation of the 
cosmic noise has been one of observing for several 
weeks or months and then assuming that the highest 
interference-free signal levels observed at any given 
sidereal time represent times when there was negli- 
gible absorption. This method is satisfactory when 
the observing frequency is sufficiently high that there 
is indeed negligible absorption during a substantial 
fraction of the time. Since direct solar illumination 
of the D region gives rise to appreciable absorption, 
nighttime observations are often necessary to obtain 
the sidereal variation of cosmic noise power by this 
method. Unfortunately, the relationship between 
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the solar and sidereal days is such that at auroral 
latitudes certain sidereal hours never coincide with 
hours of darkness. Even at lower latitudes, it is usually 
necessary to observe for a full year in order to obtain 
nighttime conditions at all sidereal hours. 

The determination of the sidereal day variation 
by the above method becomes increasingly uncertain 
as the frequency of observation is lowered. For ex- 
ample, at 30 Mc/s the "quiet-day" cosmic noise 
variation can be determined to an accuracy of per- 
haps 0.1 dB; at 5 Mc/s the scatter in the daily values 
is so large that uncertainties of several decibels are 
encountered. 

Benediktov [1959] has pointed out that for small 
values of absorption (less than about 2 dB) it is 
theoretically possible to determine absorption values 
from a knowledge of the ordinary and extraordinary 
intensities without knowing the extraterrestrial 
cosmic noise intensity. A similar idea had occurred 
to staff members of the Geophysical Institute of the 
University of Alaska in 1955, and the method was 
used there by C. G. Little and the late Willis M. 
Rayton in early 1956 to check that the residual 
absorption at 30 Mc/s was indeed small. 

This paper describes a technique which utilizes 
ground-based observations of the cosmic radio noise 
power in the ordinary and extraordinary polariza- 
tions to obtain reliable values of the sidereal day 
variation of the cosmic radio noise, and hence ab- 
sorption values, at lower frequencies than are other- 
wise possible. The theoretical basis of the method 
is discussed and sample experimental results are 
presented from a program of dual-polarized measure- 
ments carried out at frequencies as low as 5 Mc/s. 
The effects which tend to limit the accuracy of the 
method are also discussed. 
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2. Theory 

The existing evidence indicates that, at HF, the 
cosmic radio noise outside the earth's ionosphere is 
essentially randomly polarized when averaged over a 
broad beam antenna. However, on passing through 
an absorbing ionosphere, the extraordinary mode 
(X-mode) signal will suffer more absorption than the 
ordinary mode (O-mode) signal. The quasi-longi- 
tudinal approximation of the classical Appleton- 
Hartree form of the magneto-ionic equation gives the 
relationship for the nondeviative absorption A, in 
decibels, for a plane wave propagating vertically at 
an effective operating frequency f e : 
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Here C is a constant, h is height above sea level, 
N(h) is the electron density, and v(h) is the collision 
frequency for electrons. The effective operating 
frequency, f e , is given by the equation 



Je=j±U, 



(2) 



where / is the frequency to which the receiver is 
tuned and j L is the electron gyrofrequency for the 
longitudinal component of the magnetic field. The 
plus sign corresponds to the O-mode absorption and 
the minus sign to the X-mode absorption. 

It may be seen from (1) and (2) that if a collision 
frequency profile which does not vary with time is 
assumed, the ratio of the absorption on the 0- and 
the X-modes at a given receiving frequency will be 
a function of the electron density profile. If the 
ionization occurs primarily at heights where 
j>»27r/ e , the absorption on the two modes will be 
approximately equal. On the other hand, if the 
absorption is occurring in a region where v<^<C2irj e 
the ratio of jthe absorption on the two modes becomes 
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where A and A x represent the absorption on the 
0- and X-modes, respectively, and/ eo and/ ex are the 
corresponding effective operating frequencies. If 
the condition v<i<2irf e applies, (3) may be 
rewritten as 

-Ci-x ^-o Jeo -i / a\ 
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or for a given receiving frequency / 

=#=constant. (5) 
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Let us assume that relative intensity measure- 
ments are made on circularly-polarized antennas at 
a given frequency and that P and P x are the equiva- 
lent noise powers observed (in decibels above an 
arbitrary reference level) on the 0- and X-mode 



polarizations, respectively. The absorptions on the 
two polarizations are then defined by 



and 



A =P-P 
A X =P — P x , 



(6a) 
(6b) 



where P is the antenna noise power which would be 
observed on each polarization if the ionosphere- 
were absent. Substituting in (5), 



P -P X =S(P-P ). 



(7) 



If it is assumed that P is constant (which is true 
for a given sidereal time), a graph may be plotted of 
P versus P —P x which, if (5) is valid, will define a 
line of constant slope. If the slope of this line is 
extended to the point where P o —P x =0, it may be 
seen from (7) that this intercept occurs at an in- 
tensity P =P Z =P. This intercept is therefore the 
noise power of the incident cosmic noise outside the 
ionosphere. Thus, at least in theory, simultaneous 
measurements of the ordinary and extraordinary 
wave noise powers can be used to deduce, by a simple 
extrapolation, the intensity of the cosmic radio 
noise which would be observed in the absence of the 
ionosphere. 

The above discussion can be developed for the 
form of the magneto-ionic equation due to Sen and 
Wyller [I960] which takes account of the dependence 
of the effective electron collision frequency on the 
electron velocity distribution function. The re- 
sults are very similar; the Appleton-Hartree form 
is used here because it permits the relationships 
between the ionospheric parameters to be shown 
more simply. 

3. Experimental Program 

The method outlined above has been used in the 
analysis of data collected at College, Alaska, during 
a 20-month observing period beginning in March 

1961. The observational program involved meas- 
urements of the cosmic radio noise intensities in- 
cident on vertically directed antennas at frequencies 
of 5, 10, 20, 30, and 50 Mc/s. Separate recordings 
of both the 0- and X-mode signals were made at 
the three lower frequencies while the 30 and 50 Mc/s 
systems had linearly polarized antennas. The 
antennas at all frequencies were designed to have 
identical beam patterns, each having circular sym- 
metry about the zenith and a half-power response 
at 30 deg off axis. 

At frequencies of 30 and 50 Mc/s, ionospheric 
absorption is usually not more than a few tenths of 
a decibel. The conventional " quiet-day" method 
was used to obtain estimates of the cosmic noise 
background by scaling the records and preparing 
a mass plot of relative power values versus local 
sidereal time. Figure 1 shows such a plot for the 
50 Mc/s observations during the month of February 

1962. The upper envelope is seen to be fairly 
well defined and can be used to estimate the cosmic 
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noise variation with an uncertainty of perhaps 
0.2 dB. (The addition of data taken in other 
months permits the reduction of this uncertainty 
to about 0.1 dB.) On the other hand, in accordance 
with the approximate inverse-frequency-squared 
variation of absorption, the lower frequencies demon- 
strated the presence of appreciable absorption much 
of the time. For example, see figure 2, which shows 
a mass plot of 10 Mc/s 0-mode relative power values 
versus sidereal time. The greatly increased scatter 
of points in figure 2 is due to the occurrence of 
appreciable absorption much of the time, and pre- 
vents the derivation of an accurate quiet-day curve 
by the mass-plot method. 

Figure 3 shows plots of the 0-mode antenna power, 
P , versus the difference between the 0- and X-mode 
powers, P —P x , for the points in figure 2 which lie 
within the specified sidereal hourly intervals. A re- 
gression line fitted to the points on each graph was 
then used to estimate the most probable value of the 
intensity of the cosmic radio noise at the sidereal hour 
in question. (In practice, a similar plot was pre- 
pared for each sidereal hourly period.) The slopes 
of the regression lines in a and c of figure 3 are repre- 
sentative of most hours and are in fact those expected 
from a uniform layer of ionization occurring prin- 
cipally at heights greater than about 70 km. On the 
other hand, the slope of the regression line in 36 is 
significantly different and is representative of one of 
the more extreme departures from the average. 
However, the slope in the latter case is controlled by 
a few points from absorption events which were found 
to deviate from the square-law condition of (3). 
The possible causes of such differences in the data 
will be discussed in sections 4.1c and 4.2c of this 
paper. It is seen from figure 3, that the intercept of 
the regression line with P —P X =Q is not shifted 
greatly by the changes of slope which have been 
encountered. The repeatability of the results of the 
determinations is indicated by figure 4, which shows 
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Figure 1. Mass plot of SO Mc/s hourly scaling s for month of 
February 1962 versus local sidereal time. 
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Figure 2. Mass plot of 10 Mcfs hourly 0-mode scalings for 
month of February 1962 versus local sidereal time. 

The vertical scale, like lliat of figure 1, covers 8 dB. The greater incidence of 
absorption (compared to that observed a1 50 Mc/s) is to be expected in view L of 
the approximate Inverse-frequency-squared relationship of absorption. 
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Figure 3. PZote of 10 Mc/s 0-mode relative antenna power 
versus the differential in the O- and X-mode polarized 
antenna powers for selected hourly periods of sidereal time 
using data from the month of February 1962. 

A best-fit regression line is used to estimate the relative antenna power which 
would be observed in the absence of an absorbing ionosphere. The slopes of 
the regression lines are indicative of the absorption-frequency relationship 
during events. 

the sidereal time variation obtained using three 
groups of 10 Mc/s data, each of one month duration. 
A smoothed curve is fitted to the experimentally de- 
termined values (heavy dashed line) and lines are 
drawn 0.25 dB above and below the latter. Nearly 
all the points fall within these limits. 

The individual datum points at 10 Mc/s have an 
uncertainty of about ±0.2 dB due to scaling errors 
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and this accounts for some, but not all, of the devia- 
tion from the regression lines shown in figure 3. 
The following sections will discuss the other causes 
of this scattering. 

The 5 Mc/s data were handled the same way as the 
10 Mc/s information. As examples, values of P 
versus P —P x obtained between 04:00 and 04:59, 
local sidereal time in January and February 1962, 
are plotted on figures 5a and 5b, respectively. In 
comparison with the 10 Mc/s data, increased absorp- 
tion activity is evidenced. However, it appears that 
a reasonably good estimate (within about ±0.5 dB) 
of the extraterrestrial noise power is obtained by the 
regression line fit. 
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Figuke 4. Sidereal time variation of cosmic radio noise at 
10 Mc/s determined by monthly groups of data, viz, scalings 
from January, February, and March 1962. 

A curve which represents the 3 hour running mean of the average of the hourly 
values is shown, as well as curves which are 0.25 dB above and below the lat- 
ter (light dashed lines). 
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Figure 5. Scatter plots of P G versus P — P x at 5 Mc/s for the 
hourly sidereal period, 01^:00— 01^:59, for (a) January 1962 
and (b) February 1962, 



4. Problems and Limitations 

It is evident, particularly at 5 Mc/s that individual 
datum points on cross plots of P versus P —P x 
exhibit more scatter about the regression line than 
can be explained by scaling uncertainties alone. 
Other factors which can give rise to scatter will be 
arbitrarily separated into those which are primarily 
due to the use of broad beamwidth antennas and 
those which are not. The former class of factors will 
be discussed first. 



4.1. Effects Due to the Use of Broad Beamwidth 
Antennas 

a. General 

In the following discussion we assume a polar 
coordinate system with an antenna located at the 
origin, using 6, the angle measured from the zenith, 
and 0, the angle measured eastward from geographic 
north (azimuth angle). In the case of a broad beam 
antenna located above a perfectly reflecting ground 
screen, the power produced at the output terminals 
can be expressed as 



P(J.)=0i 



<P=o 



G(d,cj>)T(d,(t>) sin ddddt, (8) 



where d is a constant, G{6,4>) is the power gain of 
the broad beam antenna as a function of direction, 
and T(d } (p) is the equivalent noise temperature 
viewed from the antenna. 

If T{6,4>) is expressed as equivalent source temper- 
ature in decibels above a reference temperature, T R , 
its magnitude is given by 



T(e,<l>) = T s (6,<l>)-A(0,4>), 



(9) 



where T s {d,4>) is the true sky temperature (the 
temperature which would be derived in the absence 
of the ionosphere) in decibels above T R and A{6, <j>) 
is the total integrated absorption, in decibels, along 
the propagation path. Losses in the antenna and 
the temperature contribution of the absorbing layer 
are neglected here since they become important only 
in the case of large absorption values. We shall 
examine, in turn, the limitations imposed on the 
technique outlined in section 2 of this paper by (1) 
nonuniformity of the sky background temperature, 
T s {0,4>), (2) nonuniformity of the absorption layer 
in the horizontal extent, and (3) the effect of leakage 
between modes of the circularly-polarized antennas. 

b. Non-Uniformity of Sky Background 

If the ionosphere were completely absent, a verti- 
cally directed antenna on earth would register a 
variation in the cosmic noise equivalent temperature 
which would repeat exactly with a period of one 
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sidereal day. At all the frequencies used in the 
experiment at College (hit. 65° N.), the maximum 
and minimum sky temperatures during the course 
of a sidereal day were found to differ by less than 
3 dB, and the maximum rate of change per sidereal 
hour was about 0.4 dB/hr. Since the dual-polarized 
data were grouped into hourly intervals, the cosmic 
noise background integrated over the antenna beam, 
could vary by ±0.2 dB according to whether the 
reading was performed near the beginning or end 
of the sidereal hour. Thus a scatter of this magni- 
tude in the individual datum points is introduced 
by the varying sky temperature during portions of the 
sidereal day when the background is changing most 
rapidly. However, the records were scaled in local 
meridian time intervals so that the sidereal time of 
the readings was shifted by 4 min per day. The 
result was that a month's values were evenly dis- 
tributed in sidereal time so that an average value 
could be used for each hour. Thus it has not been 
necessary to break the data into periods shorter than 
one sidereal hour and the nonuniformity of the 
cosmic noise background does not contribute sig- 
nificantly to errors in the broad beam cosmic noise 
temperature determinati< >ns. 

c. Non-Uniformity of Absorption in Horizontal Extent 

The following example serves to demonstrate that 
non-uniform distributions of ionization across the 
pattern of a broad beam antenna can result in 
variations in the absorption-frequency relationship. 
If one assumes that 20 percent of the effective beam 
pattern is covered with a patch of intense ionization 
which is optically thick for both the ()- and X- 
modes at the observing frequency concerned, and 
that the remainder of the beam does not intercept 
an absorbing region, then about 1 dB of absorption 
would be observed on both modes. Thus the P 
value on a P versus P —P x plot (e.g., figs. 3 or 5) 
would be shifted downward while P —P x would 
remain the same, resulting in a datum point which 
deviated from those obtained during times when 
a uniform layer of ionization was present. 

The example cited is believed to be more extreme 
than commonly occurs at the auroral zone. For 
example, from studies employing spaced riometers 
[Holt, Landmark, and Lied, 1961 ; Little, Schiff- 
macher, Chi vers, and Sullivan [private communica- 
tion], it is known that many auroral absorption 
events correlate reasonably well at spacings greater 
than 100 km. (Typically, the correlation coefficient 
drops to 0.5 at about 500 km spacing.) Also, 
absorption measurements made at Saskatoon using 
a relatively narrow beam antenna (±6 deg) which 
was alternately directed 12 deg north and south 
of the zenith [Kavadas, 1961], have indicated good 
uniformity for most events. These results imply 
that only small deviations from horizontal uniformity 
could occur over a ±30° antenna beam. However, 
other evidence reported by Ansari [1963] indicates 
the occasional occurrence of events which exhibit 
areas of absorption a few kilometers or tens of 



kilometers in extent. Thus, it appears that scat- 
tered datum points could result from localized 
absorption patches, but it is difficult to quanti- 
tatively estimate the fraction which might be 
seriously affected in this way. 

d. Leakage Between Polarized Antenna Outputs 

A circularly-polarized antenna of finite beam- 
width picks up some signal on the opposite mode, 
and this appears at the output and constitutes a 
contamination of the desired polarization. This 
contamination becomes quite important during in- 
tense absorption events when the difference between 
the 0- and X-mode temperatures may become very 
large. With a knowledge of the details of the 
antenna beam pattern, corrections may be readily 
computed. Such corrections were made on some 
of the data to determine the effect on the zero- 
differential value, and it was found that the appli- 
cation of the leakage correction resulted in only 
negligibly small (<0.05 dB) changes in the value. 



4.2. Effects Not Primarily Related to Antenna 
Beamwidth Characteristics 

a. Interference 

Interference due to transmitters and atmospheric 
noise was encountered at times, particularly at 5 
Mc/s. However, the presence of interference of 
these types was usually apparent from the appear- 
ance of the records (due to the characteristic time 
variations of the interference) ; periods which showed 
any trace of such interference were not used. The 
possibility that interference with the spectral char- 
acteristics of random noise might have occurred 
occasionally, cannot be ruled out. Solar radio noise 
is of this type, as well as noise generated by synchro- 
tron emission from energetic electrons spiraling in 
the terrestrial magnetic field. Interference due to 
solar radio noise was occasionally observed but 
generally occurred in bursts lasting only a few tens 
of minutes and was therefore recognizable. No 
evidence indicating serious contamination by longer 
duration, Type IV, solar-noise storms was noted. 
This may be partially attributable to the fact that, 
on an annual basis, the solar zenith angle at College, 
is greater than 60 deg almost 90 percent of the time; 
the computed antenna gain at such angles is more 
than 13 dB down from that in the zenith. Noise 
generated by the synchrotron process would be 
likely to occur most often during disturbed periods 
when absorption was present and could result in a 
scattering of the points. However, from a study 
of the absorption-frequency relationship of data 
collected simultaneously at various frequencies in 
the range, 5 to 50 Mc/s, it appears that instances of 
serious contamination by undetected interference 
are relatively rare. Hence, it is believed that the 
most serious effect of interference is the resulting 
loss of data necessitating longer periods of operation 
to obtain a given level of statistical significance. 
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b. E- and F-Region Deviative Effects 

Cosmic-noise observations on broad beam antennas 
are subject to deviative effects which become notice- 
able when the critical frequency is such that the 
ionosphere begins to limit the area of sky viewed by 
the antenna (e.g., see Steiger and Warwick [1961]). 
In order to minimize this effect, the antennas used 
for the present experiment were specifically designed 
to have low sensitivity at high zenith angles. In 
practice, the antenna power gain for angles near the 
horizon, is expected to be no more than 3 percent 
of the zenithal response. Computations indicate 
that for an observing frequency of 10 Mc/s, deviative 
effects are negligible for critical frequencies less than 
3.5 Mc/s, will result in a slight underestimation 
(<0.25 dB) of the derived sky temperatures for 
critical frequencies ranging from 3.5-5.0 Mc/s and 
will result in an overestimation of the sky tempera- 
ture for critical frequencies greater than 6.0 Mc/s. 

The critical frequencies at College, Alaska, during 
the observing period remained mostly in the range 
4.0 to 5.5 Mc/s when the F region was illuminated 
and considerably less at night. Under these condi- 
tions the P o —P x =0 intercept on plots such as 
figure 3 should not be influenced greatly by deviative 
effects. This viewpoint was borne out by a test in 
which P o —P x =0 intercepts were determined using 
10 Mc/s data which were (a) unscreened, and (b) 
screened by rejecting data taken when j F2 was 
greater than 4.0 Mc/s; the intercepts obtained using 
the two sets of data in this way were not significantly 
different. 

At 5 Mc/s, deviative effects limit the useful data 
to that taken during winter (1 October to 30 March), 
nighttime periods when the critical frequencies are 
low. The effect of the change in F-region critical 
frequencies near sunrise and sunset during winter is 
usually clearly evident on the 5 Mc/s records and 
can be used to reject periods affected by deviative 
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Figure 6. Height profiles of absorption in decibels per unit 
path length at height h for electron density N=l for a number 
of different radio-wave frequencies and polarizations. 

The numbers adjacent to the curves represent the frequency, while the and A" 
designate the ordinary and extraordinary mode, respectively. 



absorption. Another obvious way of detecting data 
influenced by deviative absorption is by reference to 
ionograms taken simultaneously. The datum points 
shown on figure 5 were those remaining after rejec- 
tion of data taken when the F-region critical 
frequency was observed to be greater than 2.5 Mc/s. 
It is estimated that a critical frequency of 2.5 Mc/s 
will result in a shift of no more than 0.5 dB in the 
value of an individual datum point on figure 5. 
Unfortunately, critical frequency values were not 
obtained during a substantial fraction of the time 
because of ionospheric blackout conditions and 
sounder malfunction. 



c. Ionization Below 80 km 

The total nondeviative absorption, in decibels, 
experienced by a radio wave arriving from the 
zenith may be expressed by 

A(f.)=f" K(f., h) ■ N(h)dh, (10) 

where 

A(j e )= absorption in decibels at frequency f e , 
K(J e) h)= absorption in decibels per unit path length 
at height h for electron density 2V=1 at 
frequency f ej 
N(h)=ihe number of free electrons per unit 
volume as a function of height. 



Values of K(f e ,h) for a number of frequencies were 
computed using the Sen-Wyller form of the magneto- 
ionic equations and the profile of electron collision 
frequency, v(h), given by Nicolet [1959] and are 
shown in figure 6. The peak value of each of the 
K(h) curves occurs at a height where v~2irf e . If 
all of the ionization giving rise to radio wave absorp- 
tion occurs at heights where v<^<C2irf e (i.e., at 
heights greater than 80 km for />5 Mc/s,) the 
inverse frequency squared relationship of absorption 
will obtain and the condition of (3) will be satisfied. 
If, on the other hand, the ionization-height profile 
varies in such a manner that, at different times, 
differing fractions of the absorption occur at heights 
where v is comparable to or greater than 2ivj e} the 
absorption-frequency relationship will vary and the 
result will be an increased scattering of points on 
P versus P —P x plots. 

During the polar cap absorption events of July 12- 
20, 1961, such changes in the slope were observed 
during various stages of the events. Observations 
at other stations indicated that reasonably good 
uniformity of absorption across the antenna beam 
pattern could be assumed and the changes were 
therefore attributed to variations in the electron- 
density height-profile below 80 km. These data 
have been used to derive the electron-densit}^ profiles 
for these polar cap absorption events [Parthasarathy, 
Lerfald, and Little, 1963]. 
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5. Conclusions 

Simultaneous measurements of the cosmic noise 
power on both circular polarizations have been used 
at 5, 10, and 20 Mc/s to derive the extraterrestrial 
noise power at these frequencies. The method has 
been found to be a considerable improvement over 
the standard u quiet-day curve" method commonly 
used; it also has the considerable advantage that the 
sidereal variation of noise power can be obtained in 
periods of the order of days instead of many months. 

Various effects which might produce errors in 
determinations of the extraterrestrial cosmic radio 
noise power by this method, have been described in 
detail. It is seen that certain of these perturbing 
influences (viz, non-uniformity of sky background 
temperature and leakage between polarization 
modes) give rise to effects which are comparable to 
or smaller than the normal measuring and scaling 
uncertainties, whereas others (viz, interference and 
deviative absorption effects) can, under most condi- 
tions, be reduced to reasonably small values by 
suitably screening the data. 

It has been shown that varying degrees of non- 
uniformity of ionization in the horizontal plane, and 
varying amounts of low lying ionization, will result 
in variations of the value of S in (7). Such fluctua- 
tions will therefore lead to a scattering of the datum 
points from a line of constant slope (e.g., see figs. :> 
and 5). An analysis of the observed frequency 
dependence of absorption suggests that about half 
of the 5 Mc/s points are significantly affected by 
deviation from the l// 2 law; it has not been possible 
using the multi frequency, dual-polarized data to 
identify whether horizontal nonuniformity or low- 
lying ionization was the principal source of deviation 
from the l// 2 law. 

It has been seen that at 5 Mc/s, deviative absorp- 
tion effects limit the observing time to winter night- 
time periods. The extension of the method to lower 
frequencies is likely to be limited by deviative ab- 
sorption effects in the K and F regions, and this 
would ultimately reduce the observing time to zero. 
When ionosonde recordings are available they permit 
a quantitative evaluation of deviative effects, and 
so aid greatly the selection of data and might con- 
ceivably be used to correct the observations in 
marginal cases. 

The effects of horizontal nonuniformities of the 
ionization could be alleviated by the use of much 
narrower beam antennas (an economically unattrac- 
tive solution), or the use of a network of absorption 
equipments spaced by about 50 km. With the 
latter system, it would be possible to differentiate 
between departures from the 1/f law due to hori- 
zontal nonuniformities and those due to violation of 
the condition v<^<^2Trf e . 

The method outlined in this paper has permitted 
improved accuracy in determining the cosmic noise 



equivalent temperatures, which would be observed 
at frequencies below 20 Mc/s, if the ionosphere were 
absent, With a knowledge of the latter, reliable 
values of absolute absorption can be computed; such 
absorption data have been utilized to obtain electron- 
density profiles in the 30-80 km height range by a 
method described in a previous paper [Parthasa- 
rathy, Little, and Lerfald, 1963]. 

The cosmic noise temperatures are of considerable 
interest in themselves because of the inferences 
which can be made concerning the generation of the 
cosmic radio energy and its propagation through 
interstellar space. 
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